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USE OF INDOMETHACIN AND DERIVATIVES AS BROAD-SPECTRUM 
ANTIVIRAL DRUGS AND CORRESPONDING PHARMACEUTICAL 
COMPOSITIONS. 
Field of the invention 

5 The present invention relates to the use of Indomethacin and derivatives as broad- 
spectrum antiviral drugs and, in particular, the use of indomethacin and derivatives 
In phamnaceutical compositions in combination with other active prindples for the 
treatment of viral diseases. 
Baclcground of the invention 

10 indomethadn (INDO) is a known compound (Merck Index 4852) and is part of a 
class of molecules [a-(1-aroil-S-lndolii)alcanoic adds] described In US 3161654. 
INDO can be chemically characterized as cnnstituted by an indole and a benzene 
group, variably substituted, and bound via a carijonyi group (C=0) on the Indole 
nitrogen atom. 

15 During our studies on the role of arachMonlc acid metabolites on virus replication 
we have klentifled some prostaglandins with potent antiviral activity. We have 
shown that these molecules have a particularly effective antiviral action in 
experimental models of infection with parainfluenza virus, influenza vims, 
herpesvims and lotavinis (Santoro MG, Trends In MIcroblotogy, 5:276-281, 1997). 

20 To detemfilne whether a btock of prostaglandin synthesis could result in an 
enhancement of virus replication, we utilized indomethadn (INDO) as an Inhibitor 
of cyclo-oxygenase (COX), the enzyme that catalizes the main reat^n in 
prostaglandin synthesis. On the basis of our previous findings, these studies were 
expected to show that INDO would enhance virus replrcatbn. 

25 There is a large amount of literature on the effect of INDO on wral infection. The 
studies available in the literature, whereas generally converge on an effect of 
INDO as an anti-inflammatory agent coadjuvant during viral Infectfon, report 
contrasting results on a possible direct antiviral activity of INDO. In some vims 
models (i.e. poxvirus and coxsackie virus) INDO was found to have no antiviral 

30 effect or to worsen the infection (KhatIb R. et a!.. J. Infect. Dis. 162:997-998, 1 990; 
Zavagno G. et al., J. Gen. Virol. 68:593-600, 1987). whereas in others INDO was 
able to Inhibit virus replication. In particular, an antiviral effect of INDO has been 
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previously shown during Infection witli Vesicular Stomatitis Viais (VSV) 
(Mukherjee PK et al.. Virology 135:345-355,1984). HIV-1 (Bourinbaiar AS et al., 
FEBS Lett. 360:85-88,1995), and some lierpesviruses (Tanaka J et al.. Virology 
163.205-208.1988). From tliese results it can be argued that INDO antiviral activity 
5 should be tested separately for each virus since the indication known in the art are 
contradictory. 

Summary of the invention 

The applicant has now found, and this is an object of the present invention, an 
unexpected effect of iNDO. that consists in stimulating an antiwral protective 

10 response in cells when these are attacked by viruses. This protective activity can 
be obtained in the presence of INDO alone or in combination with other 
compounds, that were unexpectedly found to have a synergic interaction with 
INDO. Therefore another object of the invention is the combination of INDO with 
prostanoWs, anflvlral doigs and metals, metaf salts and derivatives being 

15 comprised. Further objects of the Invention will be evident from the detailed 
description of the invmtion. 
Brief description of figures 

Fig. 1 shows the protective effect of INDO on the cellular damage caused by 
paramyxovirus (SV) infection. Fig. 1A: 37RC cells non Infected (control); Fig. 1B: 

20 37RC cells infected with SV for 24 hours non treated (SV); Fig. 1C: 37RC cells 
Infected with SV for 24 hours and treated with 400 microM INDO (SV + INDO). 
Rg, 2 shows the protective effect of INDO on the cellular damage caused by 
ooronavlrus (CCoV) InfecOon. Rg. 2A: A-72 cells non infected (control): Fig. 28: A- 
72 cells infected with CCtoV for 24 hours non treated (CCoV); Rg. 2C: Ar72 cells 

25 Infected with CCoV for 24 hours and treated with 400 microM INDO (CCoV+ 
INDO). In both models the cells treated with INDO are protected from the 
destructive cytopathfe effect caused by the virus and appear similar to the non 
infected control ceils. 
Detailed description of the invention 

30 In the present invention the word INDO indicates compounds. In particular 
indomethacin, basfcally constituted by an indole and a b^zene group, both 
variably substituted, and bound via a cartDonyl group (C=0) on the Indole nitrogen 
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atom. Derivatives and salts pharmaceuticaiiy acceptable are to be considered 
comprised in the word INDO. being understood tiiat derivatives and salts are those 
synthesizabte by the expert in the field. 

Herein is shown that iNDO possesses a broad-spectrum antiviral activity at 

5 concentfatlons non-toxic for the host cell (10-800 microM). An optimal 
concentration range from 100 to 400 mIcroM was shown to be effective 
Independently from the type of host cell In 5 different types of RNA and DNA virus 
models. In the case of RNA viruses, as shown in Table 1, a good antiviral acHvity 
was shown for single-strand RNA viruses of both negative polarity (parainfluenza 

10 Sendal virus and Influenza A WSN virus) and positive polarity (CCoV coronavirus), 
as well as for double-strand RNA viruses (SA-11 rotavirus). Unexpectedly, antiviral 
activity against influent A virus has been shown in human lung ceils (Tab. 1). 
Moreover, INDO treatment is partlculariy effective against rotavims and 
coronavlnjses (Tab. 1). The antiviral activity is partlculariy relevant in the case of 

15 coronavims infection where INDO, at the concentration of 50 microM, Inhiblte virus 
production by more than 90% as compared to control. In addition to the antiviral 
activity, for the first time It has been shown a dramatic and unexpected 
cytDprotedive activity of INDO during infection with paramyxoviais (Fig. 1C) and 
coionavirus (Rg. 2C). A similar cytoprotectlve effect has been obtained in a model 

20 of rhabdovrtrus (VSV) Infection (data not shown). In tiie case of DNA \^njses the 
antiviral activity has been confimied in an experimental model of Herpes Simplex 
vims type 1 (HSV-1) Infection in epithelial HEp-2 cells (Tab. 2). 
Surprisingly, INDO antiviral activity is Increased. Instead of inhibited, by the 
addition of arachldonic add metabofrtes, whose synttiesis is known to be blocked 

25 by INDO. In particular, combined treatment of INDO wtth the prostanoid A^-PGJa 
is surprisingly effedlve In the case of influenza vims. In feet, treatment witii doses 
that separately caused a decrease of ynws production of approximately 30%, if 
given in combination caused a reduction of more than 90% in vims yield (Tab. 2). 
This inhibition lasts up to 48 hours after infection; at tills time treatment with INDO 

30 alone has lost its effect. Unexpectedly, INDO antiviral activity against influenza 
vims is increased also by be simultaneous ti^eatitient with tow doses (from 0.1 to 
50 microM) of metals administered as such or as the corresponding salte and 
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derivatives. Preferred metals are zinc, gold, selenium, bismuth and cadmium, and 
particularly preferred are the corresponding salts and derivatives such as, but not 
limited to: chloride, sulfate, lactate, citrate, iodate, maleate, thiomaleate, diethil- 
dithiocarbamate, butyl salicilate. fumarates, succinates, porfirin tetrakis 

5 metechloride. Particularly preferred are zinc derivatives selected in the group 
comprising, but not limited to; ZnCb, Zn sulfate, 2n lactate, Zn iodate, Zn diethll- 
dlthiocarbamate. Zn butyl salicilate. Zn porfirin tetrakis metachloride. An example 
of co-treatment of INDO with ZnCfe is shovwi in Tab. 2. Moreover, surprisingly 
INIDO treatment has a co-operative effect in combination with the antiviral drug 

10 ribavirin (Tab. 2). 

Similar results were obtained in a model of infection with paramyxoA^ais. a virus 
that utilizes repllcative mechanisms compl^ely different from the ones utilized by 
influenza viruses. Also in this case the combined treatment with INDO and the 
prostanoid 15-deoxy-PGJ2 at concentrations that separately reduce virus 

15 production by 40 and 63% respectively, reduced the wois titer by nrrore than 99% 
(Tab. 2). Similar results v/er& obtained with the prostanoid PGAi (data not shown). 
Also In this model low concentrations of anc or its derivatives greatly increased 
the efficacy of INDO treatment Furthermore, the antiviral efliecl of low doses of 
INDO is significantly increased by co-treatment with alpha-interferon (IFN-a). that, 

20 by itself, has no effect against this virus when administered to the cells after vIois 
infection (Tab. 2). 

A good synergic effect of the prostanoid PGAi with low doses of INDO has been 
shown also In the case of DNA virus Infection, as, for example, in the case of 
infecUon with HSV-1 (Tab. 2). 

25 In the case of HSV-1 , it has to be pointed out a good co-operative effect of metals, 
as Indicated above, and In particular zinc and gold administered as such or 
derivatives, on the antiviral effect of INDO at tow doses. Rnally, It also has to be 
pointed out a good co-operative effect of the anti-herpetic drug acyclovir In 
combination with INDO at low doses (Tab. 2). The co-operative effect of INDO In 

30 the different viral models is expected also for at least a compound selected 
among, but not limited to: antiviral doigs comprising, in addition to ribavirin and 
acyclovir, amantadine, rimantadine, Influenza virus neuroaminidase inhibitors. 
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iodoxuridlne, fbsfonacetlc acid, 3-azIdo-3'-deoxythymidine (AZT), 2\3'- 
dideoxycytidine (DDC), virai protease inhibitors and in particular HIV protease 
inhibitors. 

Finally, addition of INDO, even at very high concentrations (5-10 mM), to the virus 

5 suspension or during virus adsorption on the host cell has no effect on the 
replication of any of the >^ruses indicated above, excluding the possibility of an 
effect of INDO on the virion Itself, Moreover, at the active antiviral concentrations, 
INDO does not inhibit the activation of the transcription factor NF-kB which is 
induced by the viraJ infection, and does not activate the cytoprotective transcription 

10 factor HSF (Heat Shock Factor) (data not shown). It has instead been observed 
the synthesis of the endoplasmic reticulum stress protein GRP78/BiP. 
The results reported indicate that INDO is a molecule with broad-spectrum antiviral 
activity^ acting on both RNA and DNA viruses independently from the host cell 
type. Furiihemiore, the results obtained show that INDO does not act on the 

15 Isolated virion, but on the host cell with a mechanism different from the ones 
utilized by ottier known broad-spectrum antlvirals (ribavirin, interferon, 
cyclopentenone prostanoids). This is due to the fact that: 1) INDO Is not a 
nucleoside analog as ribavirin; 2) INDO is effective on cells also after virus 
infection, differently from interferon that acts only if administered to cells before 

20 infection; 3) differently from prostanoids. In all models of viral infection that we 
examined, INDO, at the active antiviral concentrations, does not Inhibit the factor 
NF-kB and does not activate the cytoprotective HSF fecton this indicates that the 
mechanism of INDO cytoprotective activity during viral infection is distinct from the 
one utilized by cyclopentenone prostanoids. 

25 The fact that INDO acts with a mechanism different from the other known broad- 
spectrum antiviral agents gives the advantage of an additive or synergic effect in 
case of co-treatment Moreover, in the case of Interferon, the fact that INDO, 
differently from Interferon, can function also If administered after infection gives the 
advantage of a faster response to treatment In the case of combination therapy, as 

30 compared to interferon alone. 

On the basis of the results obtained from these studies the use of INDO Is 
proposed for treatment of a viral disease selected among, but not limited to: tissue 
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cytoprotection; SARS; gastroenteritis, in particular infective gastroenteritis and 
gastroenteritis caused by Rotavirus; hemorrhagic fevers, In particular those 
caused by Filo>^rus, Bunyavirus, Arenavirus and Flavivirus; respiratory diseases, 
comprising diseases caused by Qoronavirus, Parainfluenza and Influenza viruses, 

5 Respiratory Syncytial Virus; viruS'Caused neoplasias, in particular neoplasias 
caused by HTT-V-1 virus, Epstein-Barr virus, Hepatitis B virus, Hepatitis C virus, 
Papillomavirus, Adenovirus; viral encephalitis; viral diseases in general, 
comprising those caused by genetically modified viruses, in particular viral 
diseases caused by viruses selected in the group comprising, but not restricted to: 

10 Herpesvirus, Picomavirus (Rhino>^rus, Echovirus, Hepatitis A Virus), Hepatitis 8 
VIrvis, Hepatitis C virus, Togavirus, Retrovirus (HIV, HTLV-1), Bunyavirus, 
Arena\rfrus, Rhabdovirus, Ravivirus, Parainfluenza Viruses, A B and C Influenza 
Viruses, Respiratory SyncyBai Virus, Reovtrus, Rota>rirus, Coronavirus, 
Parvo>nrus, Adenovirus. Papovavlrus, Papillomavirus, Poxvirus, Fllovirus, Measles 

IS and Mumps viruses. 

The use of INDO is also proposed for treatment of virus infections that cause 
diseases in mammals, birds, fish and plants, and then, in general, the use of INDO 
in veterinary medicine, for aqua-culture and agriculture. 

INDO may be provided in any suitable form - i.e. it may be used as such or may 
20 be used in the form of a phamnaceuticaily effective derivative. For example it may 

be used in the fomi of a phamnaceuticaily acceptable salt or hydrate. 

Phamnaceuticaily acceptable salts include alkali metal salts (e.g. sodium or 

potassium salts), all<ailne earth metal salts (e.g. caicium or magnesium salts) 

aluminium salts, zinc salts, ammonium salts (e.g. tetra-allcyl ammonium salts), etc. 
25 Inorganic acid addition salts (e.g. hydrochlorides, sulphates, or phosphates) or 

organic acid addition salts (e.g. citrates, maleates, fumarates, succinates, iactetes, 

propionates or tartrates). 

INDO and INDO derivatives may be used as such or in combination with the 
compounds described above for the preparation of phamiaceuticai compositions 
30 using the conventional methods utilized in pharmacology. 

A medicament will usually be supplied as part of a pharmaceutical composition, 
which may include one or more phamnaceuticaily acceptable earners. This 



wo 2005/013980 



7 



PCT/EP2004/051773 



pharmaceutical composition vWII generally be provided in a sterile form. It may be 
provided in unit dosage form. It will generally be provided in a sealed container, 
and can be provided as part of a kit. Sucii a l<lt is within the scope of the present 
ir^ention. It would normally (although not necessarily) include instructions for use. 

5 A plurality of unit dosage forms may be provided. 

Phamiaceutical compositions within the scope of the present invention may 
comprise one or more of the following: preserving agents, solubilising agents, 
stabilising agents, wetting agents, emulsifiers, sweeteners, colourants, odourants, 
salts (compounds of the present invention may themselves be provided in the fomi 

10 of a pharmaceutically acceptable salt - as explained in greater detail beiow), 
buffers, coating agents or antioxidants. They may also contain other 
therapeutically active agents in addition to INDO as described above. 
A pharmaceutical composition within the scope of the present invention may be 
adapted for administration by any appropriate route, for example by the oral 

15 (comprising buccal or sublingual), rectal, nasal, topical (comprising buccal, 
sublingual or transdermal), vaginal or parenteral (comprising subcutaneous, 
intramuscular, intravenous or intrademial) routes. Such a composition may be 
prepared by any method known In the art of pharmacy, for example by admixing 
one or more active ingredients wth a suitable canrier. Pharmaceutical 

20 compositions may be designed to pass across the blood brain barrier (BBB). For 
example, a carrier such as a fatty acid, inositol or cholestrol may be selected that 
is able to penetrate the BBB. 

Formulations according to the Invention comprise pills, tablets, capsules, 
tozenges, solutions, dispersions, suspensions, liposome formulations, 
25 miscrospheres, nanospheres, creams and oinments, emulsions and aerosol, 
sprays and coli^a, and can be prepared in retard or controlled-retease 
formulations. 

The dosage and delivery system may vary depending upon the nature of the 
treatment, the age and condition of the individual to be treated, etc. and physicians 
30 wili ultimately determine appropriate dosages to be used* Moreover, such 
pharmaceutical compositions may contain INDO In combination with other active 
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molecules or adjuvants, selected in consideration of tiie nature of the disease to 
be treated. 

Here are reported the following examples, ttiat refer to the tables and figures 
enclosed, and are given only as an Klustration of the present invention but should 
5 not be considered as a restriction of the same. 
EXAMPLE 1 

Table 1 shows the effect of INDO on the replication of the follovy^ng viruses: 
paramy3a>viru8 (Sendai, SV), influenza A virus (WSN strain), rotavims (SA-11 
strain) and coronavirus (CCoV. S-378 strain), in 37RC monlcey Iddney cells (SV), 

10 A549 human lung epithelial cells (WSN), .MA1 04 monkey kidney cells (SA-1 1 ) and 
A-72 canine mammary adenocarcinoma cells (CCoV), respectively. Confluent 
monolayers of cells grown in RPMI-1640 culture medium (Life Technotogies, Inc.) 
supplemented with 5% PCS (fetal calf senim) and antibiotics were infected w't\h 
SV or WSN vims (5 HAU/10^ cells), or with SA-11 or CCoV virus (5 PFU/celi). 

IS After 1 hour at 37** C. the virus inoculum was removed and cells were maintained 
at 37° C in RPMI-1640 culture medium containing 2% PCS and different 
concentrations of INDO diluted in ethanol or of etiianol diluent as a control. Vims 
titers were determined 24 hours after infection by a standard hemagglutination 
assay for SV. WSN and SA-11 viruses, and by cytopatiiic effect 50% assay 

20 (CPE6o%) for CCoV vims as described in F. Pica et ai., Antiviral Res. 20:193, 1993. 
Virus production Is expressed as percent of the vims titer In the control samples. 
Data shown In Tab. 1 represent the average of different experiments. IC^ is the 
concentration of INDO In mlcroM tfiat causes a 50% reduction of the vims titer. 
EXAMPLE 2 

23 Figures 1 and 2 show tiie cyloprotective effect of INDO. Cells were infected as 
described in example 1. 

Fig. 1 shows the protective effect of INDO on tiie cellular damage caused by 
paramyxovirus (SV) infection. Fig. 1A: 37RC cells non infected (control); Fig. 1B: 
37RC cells infected with SV for 24 hours non treated (SV); Fig. 1C: 37RC cells 
30 infected vwtii SV for 24 hours and treated with 400 microiy/l INDO (SV + INDO). 
Fig. 2 shows the protective effect of INDO on tiie cellular damage caused by 
coronavims (CCoV) infection. Fig. 2A: A-72 cells non Infected (control); Fig. 2B: A- 
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72 cells infected with CCoVfor 24 liours non treated (CCoV); Rg. 2C: A-72 cells 
infected with CCoV for 24 hours and treated with 400 microM INDO (CCoV+ 
INDO). In both models the cells treated with INDO are protected from the 
d^tructive cytopathic effect caused by the virus and appear similar to the non 
5 infected control cells. 
EXAMPLES 

Table 2 shows the effect of the combined treatment with INDO and antiviral drugs. 
INDO and 25nc, or INDO and cyclopentenone prostanoids on the replication of the 
fbitowing vlaises: paramyxovirus (Sendal, SV). Influenza A virus (WSN strafri), 

10 Herpes Simplex type 1 virus {HSV-1) In 37RC monkey kidney cells (SV). A549 
human lung epitheHal cells (WSN) and HEp-2 human laryngeal carcinoma cells, 
respectively. Confluent monolayers of cells grown in RPMI-1640 culture medium 
supplemented with 5% FCS and antibiotics were Infected with SV or WSN vims (5 
HAU/10* cells), or with HSV-1 vinjs (5 PFU/cell). After 1 hour at 37» C, the viois 

IS inoculum was removed and cells were maintained at 37° Gin RPMi-1640 culture 
. medium (Life Technologies, Inc.) containing 2% FCS and different concentrations 
of INDO (at the indicated doses) by itself or In combinatton with the antiviral drugs 
type alpha interferon (IFN-a). ribavirin (RIB), or acyclovir (ACY), or with zinc 
(ZnClz) (Sigma Chemical Co., ST. Louis. MO, USA), or with the cyctopentenone 

20 prostanoids 15deoxy-A^^^*-PGJ2 (ISdx-PGJz), a"-PGJ2 or PGAi (Cayman 
Chemicals, Ann Arbor, Ml, USA) at the Indicated doses. Virus titers were 
determined 24 hours after infection by a standard hemagglutination assay for SV 
and WSN viruses, and by CPE5o% assay for HSV-1 virus. Vims productton is 
expressed as percent of the vims titer in the control samples. Data shown in Tab. 

25 2 represent the average of different experiments. 
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TABLE 1 

Effect of INDO treatment on the replication of SENDAI virus (SV), 
INFLUENZA A VIRUS (WSN), ROTAVIRUS (SA 11) and CORONAVIRUS (CCoV) 
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* VifUB yield is expressed as % of control 
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